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A microgel comprising a cross-linked copolymer of from 95.0 to 99.9 mole per 
cent of mono-ethylenically unsaturated monomer, at least 50% of which is a 
lower alkyi ester of methacrylic acid, and from 5.0 to 0.1 mole per cent of a 
cross-linking agent containing at least two ethylenic double bonds, the microgel 
having a swelling ratio in toluene of from 2 to 6 and being essentially free of 
substantially uncross-linked polymer having a viscosity average molecular weight 
greater than 200,000, may be prepared by heating at a temperature of from 40 
DEG to 100 DEG C., an aqueous dispersion of the monomers until the swelling 
ratio in toluene of the resulting microgel is from 2 to 6 and, during the reaction, 
adding to the dispersion a water immiscible solvent or a chain-transfer agent to 
inhibit the formation of substantially uncross-linked polymer having a viscosity 
average molecular weight greater than 200,000. Lists of cross-linking agents and 
lower alkyI methacrylates and other mono-ethylenically unsaturated monomers 
are given. In the preferred process, the monoethylenically unsaturated monomer 
or monomers, the cross-linking agent and known initiators and emulsifiers are 
dispersed in water and the emulsion is then heated at a temperature of 40 to 110 
DEG C. until the polymerization is 80 to 95% complete. Then at least 25%, and 
preferably 25 to 100% by weight based on the weight of monomers, of 
water-immiscible solvent for the monomers is added to the reaction mixture and 
the polymerization is continued until the polymerization is 95 to 100% complete. 
Alternatively the water-immiscible solvent may be added to the initial charge. 
Alternatively in the first mentioned preferred method a chain transfer agent may 
be added instead of the solvent, among those mentioned are thiophenols, carbon 
tetrabromide, ethylbenzene, pentaphenylethane and ethylthioglycollate. Data 
supplied from the esp@cenet database - Woridwide 
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We, E. I. Du Pont De Nemours and 
COMPANY a Corporation organised and ex- 
isting under the laws of tlie State of Dela- 
ware. United States of America, of Wilm- 
ington. State of Delaware. United States of 
Amenca do hereby declare the invention, 
tor which we pray that a patent may be 
granted to us. and the method by which it 
^^■l^J^ performed, to be particularly des- 
cribed m and by the following statement : — 
lo^" invention relates to microgels of 
lower alkyl esters of methacrylic acid and 
to coating compositions formulated there- 
witn. 

Lacquers based on the lower alkyl esters 
of methacrylic acid have found wide use 

to substrates and dned to form films and 
coatings which have outstanding durability 
and gloss retention. Such lacquers conven- 
tionally contain as the principle film-form- 
ing consutuent substantially linear homo- 
polymers or copolymers of lower alkyl esters 
of methacrylic acid in solution in an or- 
gamc solvent. These conventional lacquers 
usually must be applied at solids concen- 
trations ranging from 10 to 20%. If higher 
solids concentrations are used, the resulting 
lacquers are much too viscous to be applied 
by conventional procedures and form rough 
uneven coatings. ^ 



Conventional organosols, that is, suspen- 
sions of particles of linear polymer in vola- 
tile organic liquid, offer several advantages 
over conventional solution-type lacquers in 
that ihey can be prepared at much higher 
solids concentrations as fluid compositions. 
However, known organosols of polymers of 
lower alkyl esters of methacryHc acid are 
subject to several disadvantages. First they 
are generally unstable and the polymers 
therein settle, particularly if the organosols 
are warmed. Furthermore, at polymer con- 
centrations of 20 to 40% the organosols also 
are tairly viscous, are poorly atomised by 
conventional spraying techniques and gen- 
erally form rough and uneven films and coat- 
mgs. When organosols are brush coated 
masses of polymer collect in front of the 
brush leaving polymer-free volatile organic 
liquid behind. Also, coatings of organosols 
often must be extensively buffed to brine 
out their gloss. 

Microgels and coating compositions 
formed therefrom have many of the ad- 
vantages of organosols, yet do not have 
several of the aforementioned disadvantages 
For example, they can be formulated into 
high-solids, fluid compositions which are 
stable "Microgel" as used herein refers to 
particles of colloidal dimensions, for ex- 
ample, 0.05 to I micron in diameter as de- 
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termined by light scattering or with an elec- 
tron microscope, which are formed by gel- 
lation within polymer-monomer particles in 
emulsion or suspension polymerization. The 
5 microgels consist of high molecular weight 
fof the order of 10* to 10") molecules which 
contain points of crosslinkage and are com- 
parable in size to the emulsion or suspension 
particles in which they are formed. Strong 

10 solvents cause these particles to swell but 
do not destroy the crosslinked structure 
thereof. Known dispersed systems of micro- 
gels in solvents, that is microsols, have not; 
however, been suitable for coating compo- 

15 sitions. For example, when such microsols 
are spray coated, the resulting coatings are 
rough, uneven and have numerous blisters 
or "pop" marks. 
We have found microgels which do not 

20 have the aforementioned disadvantages and 
which can be formulated into compositions 
which can be applied to yield smooth, tough, 
mar-resistant films and coatings and which 
are stable and have a high solids concentra- 

25 tion. 

The microgels of this invention compnse 
a orosslinked copolymer of from 95 to 99.9, 
and preferably from 99.5 to 99.9, mole per 
cent of mono-ethylenically unsaturated 

30 monomer, at least 50% of which is a lower 
alkyl ester of methacrylic add, and from 
5 to 0.1, and preferably from 0.5 to 0.1, 
mole per cent of crosslinking agent contain- 
ing at least two ethylenic double bonds, the 

35 microgel having a swelling ratio in toluene 
of from 2 to 6, and preferably 3 to 4, and 
being essentially free of substantially un- 
crossHnked polymer having a viscosity aver- 
age molecular weight of greater than 

40 200,000. "Substantially imcrosslinked poly- 
mer" as used herein refers to polymers 
which are predominantly linear or branched 
as contrasted to the crosslinked network in 
the microgel particles. When a microgel of 

45 this invention is nuxed with acetone or 2- 
ethoxyethyl acetate and centrifuged as des- 
cribed hereinafter, the substantially uncross- 
linked polymer remains in solution while 
the microgel particles settle. 

60 The coating compositions of this inven- 
tion are microsols, that is, lyophilic dis- 
persed systems containing solvent and, as 
the essential film-forming constituent, at 
least one of the aforementioned microgels. 

55 In these microsols the microgels form a 
molecularly heterogeneous dispersed system. 
The substantially unimolecular microgel par- 
ticles because of their size give the microgels 
a cloudy or milky appearance. Rigorously 

60 speaking, the microsols are really solutions. 
The monoethylenically unsaturated mono- 
mers used in preparing the microgels of this 
invention consist of at least 50 mole per 
cent, and preferably 70 to 100 mole per 

65 cent, of at least one lower alkyl ester of 



methacrylic acid, that is, at least one ester 
formed from methacrylic acid and a 1 to 8 
carbon atom alkanol. Such esters include, 
for example, methyl methacrylate, ethyl 
methacrylate, «-propyl methacrylate, iso- 
propyl methacrylate, /i-butyl methacrylate. 
n-amyl methacrylate, 2-ethylhexyi metha- 
crylate, and «-octyl methacrylate. Other co- 
polymerizable ethylenically unsaturated 
monomers can be mixed therewith in minor ^5 
proportions. Such monomers are, for ex- 
ample, acrylic acid, methacrylic acid, the 1 
to 4 carbon atom (that is, methyl to butyl) 
esters of acrylic acid, vinyl acetate, vinyl 
propionate, vinyl chloride, styrerie, isobutyl- 80 
ene, propylene, ethylene, acrylonitrile, meth- 
acrylonitrile, allyl chloride, itaconic acid and 
mixtures thereof. Microgels having a mono- 
ethylenically unsaturated component con- 
sisting of esters of 1 to 4 carbon atom 85 
alkanols with methacrylic acid and, particu- 
larly, methyl methacrylate are preferred. 

Examples of crosslinking agents contain- 
ing at least two ethylenic double bonds 
which can be used in this invention are 90 
ethylene glycol dimethacrylate, tetraethyleoie 
glycol dimethacrylate, methylene bisacryl- 
amide, methylene bismethacrylamide, divinyl 
benzene, vinyl methacrylate, vinyl croton- 
ate, vinyl acrylate, divinyl acetj'lene, trivinyl 95 ^ 
benzene, glycerine trimethacrylate, penta- 
erithritol tetramethacrylate, triallyl cyanur- 
ate. divinyl ethane, divinyl sulfide, divinyl * 
sulfone, hexatriene, triethylene glycol di- 
methacrylate, diallyl cyanamide, glycol dia- 100 
crylate, ethylene glycol divinyl ether, diallyl 
phthalate, divmyl dimethyl silane and gly- 
cerol trivinyl ether. Methacrylic acid esters 
of diols as well as methacrylamide deriva- 
tives of difunctional amines are preferred. 105 
Ethylene glycol dimethacrylate and methyl- 
ene bismethacrylamide are particularly pre- 
ferred because they react rapidly and cross- 
link efficienUy when present in small 
amounts. 

As stated hereinbefore, the microgels of 
this invention have a swelling ratio in tolu- 
ene of from 2 to 6, and preferably 3 to 4. 
This property of the microgels is critical. 
Microgels which have a swelling ratio of less 1 15 
than 2 have very HtUe affinity for solvents- 
or polymer solutions and cannot be rnade 
into' stable microsols in which the micro- 
gels do not flocculate or settie. Microgels 
having a swelling ratio in toluene of greater 120 
than 6, for example, 10 to 20, swell greatly 
in microsols formulated therewith making 
the resulting compositions viscous and diflS- 
cult to apply. Furthermore, in such micro- 
sols at practical solids concentrations, the 125 
microgels absorb such a large portion of 
the solvent that there is not sufficient sol- 
vent left to disperse the microgel and any 
pigment or other additives mixed therewith. 
This latter problem becomes particularly 130 
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apparent and acute when wet coatings of 
such microsols are applied. 

The swelling ratio of the microgels of 
this invention in toluene is determined from 
5 the equation: — 

specific viscosity. 

R= 

2.5 C. 

wherein R is the swelling ratio and C is the 
grams of microgel per gram of microsol. 
Specific viscosity is determined by a method 

.10 analogous to Qiat set forth in A.S.T.M. 
Specification D 1243-54. Briefly, 0.4 gram 
of miarogel are dispersed in 50 milliliters of 
toluene and heated at 100° C. for about 
30 to 60 minutes. Next, toluene is 

16 added to the dispersion to bring the 
total volume to exactly 100 milMters. 
The kinematic viscosity of the dispersion 
and of toluene are then determined with a 
Ubbelohde Series U — 1.0 viscometer in ac- 

.20 cordance with A.S.T.M. Specification D 445. 
The specific viscosity is the ratio of the 
kinematic viscosity of the microgel disper- 
sion to the kinematic viscosiQ^ of toluene, 
minus one. 

25 As stated hereinbefore, the microgels of 
this invMition must be esentially free from 
substantially uncrosslinked polymer. In- 
itially, during the polymerization of the 
monoethylenically unsaturated monomer and 

30 crosslinking agent, substantially linear poly- 
mers are formed. These polymers grow as 
the polymerization reaction continues link- 
ing monofunctional monomer with cross- 
linking agent primarily through one ethylenic 

35 double bond of the cross-linking agent. As 
the reaction proceeds toward completion 
and the number of pendent, unreacted double 
bonds (tiiat is, the unreacted double bonds 
in the crosslinking agent) in the polymer 

40 molecules becomes relatively high witii re- 
spect to the number of molecules of mono- 
mer, the crosslinking reaction which involves 
free radical attack on the pendent ethylenic 
double bonds in the growing or dead chains 

45 is favored. This latter reaction forms a 
- branched and finally a crosslinked microgel 
particle. It has now been discovered that 
toward the end of the reaction as the cross- 
Imked microgel is formed, mmute but sig- 

60 nificant portions of higih molecular weight 
substantially uncrosshnked linear polymer 
are formed. Unless special precautions are 
taken to limit this reaction which forms sub- 
stantially uncrosslinked polymers, the re- 

65 suiting products are not useful for microgel 
coating compositions. 

The accompanymg drawing is a semi- 
logrithmic plot which correflates the maxi- 
mum permissible weight fraction of substan- 
60 tially uncrosslinked polymer in the micro- 



gels of this invention witii the molecular 
weight of the substantially uncrosslinked 
polymer. Microgels having a concentration 
of uncrosshnked polymer having a viscosity 
average molecular weight above 200,000 and 65 
fallink within the shaded Area A in the 
graph can be formulated into coating com- 
positions which have excellent application 
properties, and can be coated into substrates 
to form smooth, tough, mar-resistant films 70 
and coatings. Microgels having a concentri- 
tion of substantially imcrosslinked polymer 
falling within the imshaded Area B, when 
formulated into coating compositions, yield 
coatings v/hich are rough, blistered, uneven 75 
and extremely difScult to apply. It should 
be noted that the permissible concentration 
of substantially uncrosshnked polymer hav- 
ing a viscosity average molecular weight of 
above about 200,000 is extremely small in 80 
ccwoiparison to the total weight of microgel; 
for example, the maximum permissible 
weight fraction of substantially uncrosslinked 
polymer having a viscosity average mole- 
cular weight of 500,000 is about 5 x 10~\ 85 
that of polymer having a viscosity average 
molecular weight of 1,800,000 is about 1 x 
10"^ and that of polymer having a viscosity 
average molecular weight of about 4,500,000 
is about 5 x 10^. It is thus evident that 90 
the terms "essentially free of substantially 
uncrosslinked pol3mier having a viscosity 
average molecular weight of greater than 
about 200,000" refers to microgels in which 
the uncrosslinked polymer falls within the 95 
shaded Area A in the drawing. Since the 
microgels having the requisite swelling ratio 
are usually at least about 80 to 90% 
converted to crosshnked polymers, points 
above a weight fraction of about 0.20 have 100 
little meaning. 

The amount and molecular weight of sub- 
stantially uncrosslinked polymer can be de- 
tennined by first dispersing about 5 parts 
by weight of the nucrogel in about 95 parts 105 
by weight of acetone or 2-ethoxyethyl 
acetate, then centrifuging the resulting dis- 
persion under a centrifugal force of about 
60,000 times the force of gravity until sub- 
stantially all of the microgel particles settie 110 
or at least until some clear supematent 
centrifugate is formed. The soHds con- 
centration of the centrifugate, which is a 
solution of the substantially uncrosslinked 
polymer, is determined by evaporating an 115 
ahquot portion thereof. This determination 
yields the concentration of substantially un- 
crosslinked polymer. The viscosity of a 
similar aliquot portion of the centrifugate is 
measured and the molecular wei^t deter- 120 
mined therefrom by the Staudinger equation : 

/TjspXV^ /rispY'^' 
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wherein M is the viscosity average mole- 
cular weight. C is the concentration of poly- 
mer in grams per 100 millimeters of solution 
Tjsp 

and is the specific viscosity of the 

C 

5 centrifugate. 

The products of this invention are pre- 
pared by forming an aqueous emulsion of 
monoethylenic unsaturated monomer and 
crosslinked agent, heating the emulsion at a 
10 temperature of about from 40 to 100° Q, 
until the reaction is substantially complete 
to yield a microgel having a swelling ratio of 
from 2 to 6 and, during -the reaction, adding 
to the reaction mixture an agent to inhibit 

15 the formation of high molecular weight sub- 
stantially uncrosslinked material. 

Considering a preferred process of this in- 
vention in more detail, first monoethyleni- 
cally unsaturated monomer, crosslinked 

20 agent together with suitable well known in- 
itiators and emulsifiers are dispersed in 
water. Although charges containing up to 
70% of copolymerizable material can be 
used, preferably the charge consists of firom 

26 25 to 50 % by weigjit of copolymerizable ma- 
terials. Any of the conventional anionic, 
cattonic or nonionic emulsifiers and water 
soluble initiators can be employed. Examples 
of emulsifying agents are sodium lauryl sul- 

30 fate, lauryl pyridine chloride, polyoxyethy- 
lene, polyoxypropylene, colloidal silica, an- 
ionic organic phosphates, magnesium mont- 
morillonite, the reaction product of 12 to 13 
moles of ethylene oxide with 1 mole of octyl 

35 phenol, secondary sodium alkyl sulfates and 
mixtures thereof. Usually from 0.25 to 4% 
of emulsifier based on the total weight of 
reactants is used. Examples of initiators are 
potassium persulfate, sodium persulfate, am- 

40 monium persulfate, tertiary butyl hydroper- 
oxide, hydrogen peroxide, azo bis(isobutyro- 
nitrile), azo bis(isobutyroimidine hydro 
chloride), various redox (reduction-oxida- 
tion) systems such as hydrogen peroxide and 

45 ferrous sulfate and well Imown persulfate- 
bisulfate combinations. Usually, from 0.05 
to 5% by weight of initiator based on the 
weight of copolymerizable monomers is used. 
Next, the emulsion contaimng the copoly- 

50 merizable monomers, initiator and emulsi- 
fier is heated at a temperature from 40 to 
IIO*" Q -until the polymerization is from 80 
to 95, and preferably from 85 to 90% com- 
plete. The completeness of the reaction can 

55 be determined by placing a 0.5 gram sample 
of the reaction mixture in a 2-inch evaporat- 
ing dish, heating the sample in a circulating 
hot air oven for 1 hour at 110"* C. and then 
weighing the resulting sample to determine 

60 the soHds concentration in the reaction mix- 
ture. At this point, at least 25%, and pre- 
ferably from 25 to 100% by weight of water- 
immisdble solvent for the monomers such 



as, for example, toluene, benzene, ethylene 
dichloride, chloroform or a mixture thereof, 6{ 

based on the weight of monomers, is added 
to the reaction mixture. The polymeriza- 
tion is continued at the same temperature, 
and preferably at the reflux temeprature, 
until tlie polymerization is 95 to 100% com- 7C 
plete. 

A variant of the aforementioned pro- 
cedure is to add at least 25%, and prefer- 
ably 25 to 100% by weight of the afore- 
mentioned water-immiscible solvent based 75 
on the weight of monomers to the initial 
charge. In this case, the reaction can be 
run substantially to completion without 
further addition of modifying agents. 

Alternately, the first of the aforementioned 80 
procedures can be carried out but instead of 
adding solvent near the end of the poly- 
merization, a chain-transfer agent can be 
added. At least 0.05%, and preferably 
from 0.05 to 1 % of chain-transfer agent based 85 
on the weight of monomers is usually used. 
Preferably the chain-transfer agent is also 
added in two portions, one portion when the 
polymerization is 85 to 90% complete and 
the second portion when the polymerization 90 
is 90 to 95% complete. These chain-transfer 
agents inhibit the formation of long chain 
substantially uncrosslinked polymers by ter- 
minating chain growth and transferring the 
active centers of polymerization to other 95 
polymer chains. Active chain transfer 
agents such as, for example, thiophenol, sub- 
stituted thiophenols such as 4-methylphenyl 
mercaptan, Co to Cq alkyl mercaptans such 
as tertiary amyl mercaptan, ;j-butyl mercap- 100 
tan, etiiyl mercaptan and isopropyl mercap- 
tan, carbon tetrabromide, ethyl benzene, 
pentaphenyl ethane, ethyl thioglycolate and 
mixtures thereof which have a chain-transfer 
constant of greater than about 0.1 are pre- 105 
ferably used. Chain-transfer constants are 
defined by Paul J. Flory in "Principles of 
Polymer Chemistry". Cornwall University 
Press, Ithaca, New York, Page 138 et seq. 
(1953). 110 

A still further variant for the aforemen- 
tioned general procedure is to prepare an 
aqueous emulsion at a temeprature of from 
40 to 100° C. of a small portion of mono- 
ethylenically unsaturated monomer, at least 115 
50% of which is a lower alkyl ester of meth- 
aciylic add, from 5 to 0.1 molar propor- • 
tion of a crosslinking agent containing at 
least two ethylenic double bonds and from 
0.25 to 1 mole of chain-transfer agent per 120 
mole of crosslinking agent, then add the re- 
maining monoethylenically unsaturated mono- 
mer (the total amount of the latter being from 
95 to 99.9 molar proportions) at a rate sub- 
stantially equal to that at which it is poly- 125 
merized. A convenient method for deter- 
mining the rate at which the monoethyleni- 
cally unsaturated monomer is to be added is 
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to run the reaction at the reflux tempera- 
ture, usually at about 90° C, and add the 
mononier at a rate sujfiicient to maintain the 
exothermic reaction at reflux. Another con- 
5 venient method for determining the rate of 
addition is to add the monomer at a rate 
sufficient to maintain the exothermic reac- 
tion at a temperature between 40 and 100° C. 
After the reaction has run to completion, 
10 the resulting microgel is separated and dried. 
A convenient procedure is to filter the micro- 
gel, then tray, drum or spray dry the result- 
ing product. Alternatively, the wet product 
can be dispersed in a non-solvent such as 
15 hcxane, and azsotroplcally distiUsd to re- 
move entrained water. The dried microgel 
usually has a particle size of from 0.05 to 1 
micron, and preferably from 0.1 to 0.3 
micron. If suspension polymerization, 
20 rather than emulsion polymerization, is used 
whereby somewhat larger particles are ob- 
tained the microgel is preferably ground to 
bring the particle size within the aforemen- 
tioned range. 
25 Micrcgels of this invention prepared as 
described above can be formulated into coat- 
ing compositions by merely mixing them with 
the conamon lacquer solvents and diluents 
conventionally used for preparing lacquers 
20 of lower alkyl esters of methacrj^lic acids 
such as, for example, esters such as ethyl 
acetate, butyl acetate or 2-ethoxyethyl 
acetate; ketones such as acetone, methyl 
^hyl ketone, or methyl isobutyl ketone; 
56 alcohols such as ethanol, 2-propanol or n- 
butanol; ethers such as ethyl^e ^ycol mono- 
butyl ether; hydrocarbons such as toluene, 
xylene or naptha or mixtures thereof. How- 
ever, preferably the microgels are mixed 
40 with a solution of another organic film- 
forming material denoted hereinafter as a 
matrix polymer. Examples of matrix poly- 
mers which can be used as part of the niicra- 
gel compositions, that is, microsols, of this 
45 invention, are nitrocellulose; cellulose ace- 
tate butyrate; cellulose acetate; co- 
polymers of vinyl chloride containing 
a major portion (usually at least 85% by 
wei^t) of vinyl chloride and a minor por- 
60 tion of, for example, vinyl acetate, vinylidene 
chloride, acrylonitrile, or maleic, fumaric or 
acrylic acid or their esters; linear homo- 
polymers and copolymers of the aforemen- 
. tioned lower alkyl esters of methacrylic acid; 
55 amino-aldehyde resins such as those formed 
by the reaction of polyamines such as, for 
example, melamine and urea with aldehydes 
such as formaldehyde, acetaldehyde and fur- 
fural, particularly the etherified derivatives 
60 thereof such as butylated urea formaldehyde 
and melamine formaldehyde resins and 
similar alkylated materials; oil modified 
alkyd resins; and polyepoxy polyhydroxy 
resins. The critical requirement of the 
65 matrix polymer is that it be soluble and 



compatible v^ith the microgel, that is, the 
microgel must be able to form a lyophilic 
dispersed system in the matrix polymer and 
in dried coatings. Although as littie as 20% 
ot microgel based on the total weight of the 70 
film-forming constituent can be used in the 
aforementioned compositions, in order to 
gain full advantage of the high solids con- 
centration imparted to coating compositions 
formulated therewith, it is usually preferred 75 
to use from 50 to 75% of microgel and 25 
to 50% of matrix polymer. 

As is conventional in the art, other well 
known modifiers such as pigments and ex- 
t^ders, plasticizers and flow-control agents ^ 
can be added to the compositions of this in- 
vention in conventional amounts. Examples 
cf pigments and extenders are metal oxides, 
hydroxides, chromates, sihcates, sulfides, 
sulfates, carbonates, carbon blacks, organic 85 
dyes and the lakes thereof and metal flake 
pigments. Examples of plasticizers are di- 
tetrabutylthiodisuccinate. butyl phthalyl 
mixed benzoic acid and fatty-oil add esters 
of pentaerithritol, poly(propylene adipate) 90 
dibenzoate, diethylene glycol dibenzoate, 
tetrabutylthiodisuccinate, butyl pbthayly 
butyl glycolate, acetyl tributyl citrate, di- 
benzyl sebacate, tricresyl phosphate, toluene 
ethyl sulfonanude, di(2-ethyl hexyl)ester 95 
hexamethylene diphthalate, di(methoxycyclo- 
hexyl) phthalate, dibutyl phthalate triphenyl 
phosphate, 2-ethylhexyl benzyl phthalate 
dicyclohexyl phthalate and benzyl phthaL- 
ate. As is obvious from the afor^entioned 100 
discussion, additives which destroy the lyo- 
philic nature of the microsols should be ex- 
cluded. 

The microgels of this invention are char- 
acterized by their abili^ to be formulated 105 
into coating compositions having a high 
solids concentration and which can be ap- 
plied by any of the conventional coating 
techniques such as roller, brush and particu- 
larly spray coating techniques to yield uni- 110 
form, smooth, tough, mar- and print-resist- 
ant coatings. Typically, for example, micro- 
gel coating compositions of this invention 
contain at least 50% more oi^anic film-form- 
ing material per unit weight of composition 115 
than conventional lacquers based on iower 
alkyl estCTS of methacrylic acid. Coating 
compositions containing the microgels of this 
invention can be used in any of a wide var- 
iety of applications in which conventional 120 
lacquers based on lower alkyl esters of 
metiiacryhc acid are now used yielding films 
and coatings with substantially equivalent 
excellent durability and gloss retention. 

The following examples are intended to 125 
illustrate this invention and not to limit it 
in any way. Parts and percentages are by 
weight unless otherwise spedfied. 
Example 1. 
The following materials are charged to a 130 
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leaction vessel, agitated to form a uniform 
dispersion and heated in a nitrogen atmo- 
sphere at 60" C. for about 115 minutes: — 

Tcarts 

6 DistiUed water 4.800 

Methyl methacrylate 2,400 

Ethylene glycol dhnethacrylate ... 48 
Secondary sodium alkyl su&ate dis- 
persing agent ("Tergitol" (Trade 
10 Mark) 7— Union Carbide & Car- 
bon Corporation) 18 

Potassium persuKate (4% aqueous 
solution) 60 



At this point the reaction is approximately 

15 90% complete. Next. 24 parts 'of tertiary- 
arnyl mercaptan chain-tranrfer agent and 0.6 
part of azobisisobutyronitrile catalyst dis- 
solved in 10 parts of methyl methacrylate are 
added to the ruction nuxture and tiie reac- 

20 :tion is continued at 60"* C for an additional 
25 minutes. At this point, the reaction is 
about 95% complete. Finally, the resulting 
microgel is blown with air to remove residual 
tertiaryamyl meicaptan, filtered through a 

25 felt spectum and tray dried at room tem- 
perature. An 88% yield of microgel having 
a particle size of about 0.174 microns deter- 
mined by light scattering techniques, a swell- 
ing ratio of 3.2 and about 4% of si-bstan- 

30 tially uncrosslinked polymer having a mole- 
cular weight of 120,000 is obtained. The 
swelling ratio and amount and molecular 
weight of substantially imcrosslinked poly- 
mer are determined as described herein- 

35 before. 

Preparation and Evaluation of Coating 

Compositions. 
A clear coating composition is prepared 
by dispersing 525 parts of the microgel des- 

40 cribed above in a solution of 200 parts of a 
homopolymer of methyl methacrylate hav- 
ing a relative viscosity of 1.15, (determined 
in accordance with A.S.T.M. Specification 
D 445-46T, Method B, at 25' C. in a Modi- 

45 fied Ostwald Viscosimeter, Series 50) in 1375 
parts of a solvent mixture consisting of 20% 
of toloeoe* 10% of methyl isobutyl ketone, 
20% of hexane, 30% of xylene, 5% of 
butanol and 15% of 2-ethoxyethyl acetate. 
' 50 . A pigmented coating composition is also 
prepared by dispersing 525 parts of the 
microgel and 294 parts of benzyl butyl 
phthalate in a solvent mixture similar to that 
used in the clear coating composition and 

55 mixing th^ewith a solution of 75 parts of a 
copolymer of 98 parts of methyl meth- 
acrylate and 2 parts of methacrylic acid and 
135 parts of a homopolymer methyl meth- 
acrylate having relative viscosities of 1.130 

60 and 1.143, respectively, determined as des- 



cribed above. Next, the pigmented coating 
composition is completed by adding there- 
to a mill base consisting of 410 parts of 
titanium dioxide pigment dispersed in the 
same solvent. The^solids concentration of 65 
the pigmented coating composition is about 
33% by v/eight. Both the pigmented and 
clear compositions are free from settling 
after standing several montlis at room tem- 
peratures. 70 

Steel panels treated with conventional rust 
inhibitor are prime coated v/ith a conven- 
tional oil modified alkyd resin primer and 
sealed with a composition containing, as the 
principal fihn-forming constituent, the reac- 75 
tion product of phosphoric acid and a co- 
polymer of methyl methacrylate and glycidyl 
inetliacrylate. The clear and pigmented 
coating compositions of this invention des- 
cribed above are sprayed over the primed 80.. 
and sealed steel panels and baked at about 
93' C. for 30 minutes. The compositions 
have spray application properties substan- 
tially equivalent to those of conventional 
methacrylate lacquers applied at a concen- 85 
tration of 20% solids. Both of the coating 
compositions form smooth uniform coatings 
v/hich are free from blisters or "pop** marks. 
Both coatings have excellent mar and print 
resistance and are tough and durable. 90 

Example 2. 
An aqueous dispersion is prepared from 
tiie foilov/ing materials: — 

Parts 

Distilled water 4,800 95 

Methyl methacrylate 2,400 

Ethylene glycol dimethacrylate ... 12 
Secondary sodium alkyl sulfate ... 18 
Potassium persulfate (4% aqueous 
solution) • ... 60 loa 



The dispersion is heated at 60° C. until the 
reaction is approximately 85% complete. 
Next, 4 parts of thiophenol dissolved in 6 
parts of toluene are added to the reaction 
nfiixture and heating is continued for 10 105^ 
minutes at 60** C At tiiis point, the reaction 
is about 90% complete. Four more parts 
of thiophenol dissolved in 6 parts of toluene 
are add^ to the reaction mixture and heat- , 
ing is continued at 60' C for an additional 110 
ten minutes until tiie reaction is about 95% 
complete. The resultmg product is filtered 
and tray dried at room temperature to give 
a 94% yield of microgel having a particle 
size of about 0.195 microns, a swelling ratio 115 
of about 3.6 and containing 4.0% of sub- 
stantially uncrosslinked polymer having a 
viscosity average molecular weigjit of 
100.000. 

A clear coating composition is prepared 120 
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by dispersing 35 parts of the microgel pre- 
pared above in 65 parts of the solvent mix- 
ture described in the preceding example, 
mixing therewith 10 parts of a homopoly- 
5 mer of methyl metliacrylate dissolved in 50 
parts of the same solvent and spraying the 
resulting composition onto panels similar to 
those described in the precedmg example. 
The coating composition has prox>erties simi- 

10 lar to those of the clear coating composition 
described in Example 1. 

An aqueous dispersion is prepared by the 
same procedure used in this example from 
4,800 parts of water, 2,400 parts of meth}^ 

15 metliacrylate, 12 parts of ethylene glycol di- 
methacrylate. 18 parts of secondary sodixmi 
alkyl sulfate dispersing agent and 60 parts 
of potassium persulfate initiator (4% aque- 
ous solution). The reaction mixture is 

20 . heated at about 60° C. until the reaction is 
about 98% complete, then the resulting 
microgel is Jftltered and dried as previously 
described. The resulting microgel has a 
swelling ratio of about 7.4 and contains 3% 

25 of substantially uncrosslinked polymer hav- 
ing a viscosity average molecular weight of 
about 1,000.000. When this microgel is for- 
mulated into coating compositions and 
sprayed, the coating compositions are de- 

30 posited in large droplets ranging from i to i 
inch in diameter. Dried jSlms of the micro- 
sol are uneven and are covered with "pop" 
marks or blisters. This comparative micro- 
. gel is indicated by the point X in the 

35 drawing. 

Example 3. 
An aqueous dispersion is prepared from 
the following materials: — 



The microgel just described is formulated 
into a coating composition from the follow- 
ing materials: — 



40 



45 



50 



55 



60 



Parts 



Distilled water 1,200 

Methyl methacrylate 600 

Ethylene glycol dimethacrylate ... 3 
Secondary sodium alkyl sulfate dis- 
persing agent 18 

Potassium persulfate initiator (4% 

aqueous solution) 60 

The reaction mixture is heated at 60" 
C. for 169 minutes until the reaction 
is about 85% complete. Next, 300 
parts of toluene are added to the 
reaction mixture which is then heated 
to the reflux temperature, about 85° 
C., while 230 parts of toluene-water binary 
is distilled therefrom over a period of about 
one hour. The resulting microgel is filtered 
and tray dried at room temperature. The 
product has a swelling ratio of 3.2, about 
4% of substantially uncrosslinked polymer 
having a viscosity average molecular weight 
of about 100,000 and particle size of about 
0.143 microns. 



Piwis 65 



Microgel 

Cellulose acetate butyrate ( J- second 

viscosity) ... .7. 
Titanium dioxide pigment 
Tricresyl phosphate plasticizer ... 
Solvent 



15 



10 
5 
65 



70 



The resulting coating composition can be 
sprayed or brushed readily onto substrates 
to yield smooth, uniform coatings which 
have outstanding durability and gloss reten- 
tion and are free from blisters or "pop" 
marks. 



to 



Example 4, 
An aqueous dispersion is prepared from 
6300 parts of water, 16.2 parts of sodium 80 
lauryl sulfate, 4.2 parts of tertiarybutyl hy- 
droperoxide and heated to 90'* C. Next, 300 
parts of a mixture of 2,025 parts of methyl 
methacrylate, 136.8 parts of ethylene glycol 
dimethacrylate and 754.8 parts of benzyl So 
butj'l phthalate. together with 63 parts of 
lauryl mercaptan are added thereto. The 
resulting reaction mixture is held at the re- 
flux temperature for about 3 hours by add- 
ing small portions of the aforementioned ^0 
methyl methacrylate/ethylene glycol dimeth- 
acrylate/benzyl butyl phthalate/ lauryl mer- 
captan mixture to the reaction mixture. Dur- 
ing this period, the temperature of the reac- 
tion mixture rises from about 88 to 98' C. 95 
Finally, the unreacted monomer is azeo- 
tropically distilled from the reaction mix- 
ture, then the microgel is filtered and dried. 
The resulting microgel has a swelling ratio 
of about 2.9 and contains only a trace of 100 
substantially uncrosslinked polymer ha vine 
a molecular weight of about 100.000, 

Example 5. 
An aqueous dispersion is formed froju the 
following materials: — 105 

Parrs 



Distilled water 400 

Methyl methacrylate 200 

Ethylene glycol dimethacrylate ... 1 .4 
Secondary sodium alkyl sulfate dis- 110 

persing agent 1.5 

Potassium persulfate initiator ('4''' 

aqueous solution) 5 

Benzene lOO 



The reaction mixture is agitated under a 115 
nitrogel atmosphere for 4 hours at 60= C. 
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until the reacuon is about 97.2% complete. 
The resulting microgel is then filtered and 
dried. The resulting product has a swelling 
ratio of about 2.5 to 3.0 and contains less 
5 than about 4% of substanUally uncross- 
hnked polymer having a viscositv average 
molecular weight of 100,000. 

If 4 parts of methacrylic acid or 10 parts 
T n P ft?'^^"^ substituted for an equal weight 
AO of the methyl methacrylate used above, and 
this example is repeated, microgels widi 
properties substantially similar to those des- 
cribed are obtained. 

Example 6. 
The procedure of Example 3 is repeated 
except that 6 parts of methylene bismeth- 
acrylate is substituted for the ethylene gly- 
col dimethacrylate used in that example The 
resulting microgel has a particle size of 
about 0.167 microns, a swelling ratio of 
about 4 and has a quantity of substantially 
uncrossiinked copolymer faUing within 
Area A of the graph in the drawing. 

Example 7. 
* „^^H^^^ dispersion is formed from 
the following materials: — 

Parts 



At this pomt about 1 part of thiophenol dis- 60 
solved m about 5 parts of toluene is added 
to the reaction mixture and heating is con- 
tinued at 60° C for an additional 10 min- 
utes. Finally, about 1 more part of thio- 
phenol dissolved in about 5 more parts of 65 
toluene is added and heating is again con- 
Unued at about 60° C. for 20 more minutes. 
The resulting reaction mixture is filtered and 
dned to yield a microgel having a swelling 
ratio of 5.4 and containing about 10% of 70 - 
substantially uncrossiinked polymer having 
an average molecular weight of less than 
about 160,000. 

A coating composition is prepared by 
blending a microsol of 50 parts of the micro- 75 
gel descnbed above, 65 parts of acetone and 
65 parts of toluene with a mill base of 5 
parts of carbon black pigment dispersed in 
5 parts of nitrocellulose and 10 parts of - 
benzyl butyl phthalate. The resulting coat- SO 
ing composition can be sprayed or brushed 
onto substrates and dried to yield smooth 
uniform coatings which are free from blis- 
ters or "pop'* marics. 



Distilled water ... 1^00 

P.h^/' -methacrylate ^20 

30 Ethyl acrylate 130 

Ethylene glycol dimethacrylate 9 

Secondary sodium alkyi sulfate ..." 4.5 
Potassium persulfate initiator (4% 

aqueous solution) 15 

35 The aqueous dispersion is heated at 60" C 
for 130 minutes, then 300 parts of toluene 
are added thereto and refiuxed at 85 to 92° 
C. for 45 minutes while 235 parts of toluene- 
water binary are removed. The resulting 

40 microgel is then filtered and dried to yield 
a product having a swelling ratio of about 
from 4 to 6 and less than about 5% of sub- 
stantially uncrossiinked polymer having vis- 

Example 8. 
The following materials are charged to a 
reaction vessel, agitated to form a uniform 
dispersion and heated in a nitrogen atmo- 
oO sphere at about 60^ C for about 75 
mmutes: — 

Parts 

Distilled water ~ 1 200 

Butyl methacrylate []] ^qO 
55 Ethylene glycol dimethacrylate 9 
Secondary sodium alkyI sulfate dis- 
persing agent 9 

Potassium persulfate (4% aqueous 

solution) J 5 



Example 9, 
*t.^?«^^?^"^ dispersion is prepared from 
the foUowmg materials:— 



85; 



Parts 



Distilled water IJ200 

Methyl methacrylate .[] 4C0 90 

Metiiyl acrylate JJq 

Ethylene glycol dimethacrylate 9 
Secondary sodium alkyl sulfate dis- 
persing agent 45 

Potassium persulfate initiator (4% ' 95 

aqueous solution) 15 

The reaction mixture is heated at 60" C for 
205 mmutes, then 300 parts of toluene are 
added tiiereto and the reaction is continued 
at reflux until 252 parts of distillate are re- 100 
moved therefrom over a period of about 45 
minutes. During the distiUation. the reac- 
n on temperature rises from about 83 to 95° 
; n , c product has a particle size 

ot 0.15 microns, a swelling ratio of about 105 
rrom 4 to 6 and contains an amount of sub- 
stanually uncrossiinked polymer falling with- 

dk^^ 

If 10 parts of triethylene glycol dimeth- 110 
acrylate are substituted for the ethylene elv- 
col dimethacrylate used in this example, sub- 
stantially similar results are obtained. 

Example 10. 

This example illustrates coating composi- 115 
tions of this invention containing a varietV 
of matnx polymers. ^ 

The microgel described in Example 1 is 
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blended with tiie indicated materials to 
yield coating compositions having the fol- 
lowing formulations : — 

Composition A. 

Paris 



Microgel 50 

Cellulose acetate butyrate Q-second 

viscosity) 50 

Methyl isobutyl ketone 150 

10 Isopropanol 50 

Toluene 50 



Composition B, 
Parts 

Microgel 50 

*:i5 Copolymer of 90% of vinyl chlor- 
ide and 10% of vinyl acetate ... 50 

Methyl isobutyl ketone 150 

Isopropanol 50 

Toluene 50 



. 20 Composition C. 

Parts 



Microgel 50 

Homopolymer of methyl methacryl- 

ate (relative viscosity, 1.15) ... 50 

^5 Benzyl butyl phthalate 40 

, Acetone 150 

Toluene 50 



Composition D, 

Parts 



30 Microgel 50 

Copolymer of 98% of methyl meth- 
acrylate and 2% of methacrylic 
add (relative viscosity, 1.15) ... 50 
Benzyl butyl phthalate 40 



36 Acetone 150 

Toluene 50 

Composition E, 

Parts 

Microgel 50 



40 Homopolymer of methyl methacryl- 

ate (relative viscosity, 1.15) ... 50 

Nitrocellulose (i-seccmd viscosity) 20 

Dibutyl phthalate 30 

Carbon black pigment 5 

46 AcetOTe 100 

Toluene 100 



In preparmg Composition E, preferably a 
mill base is formed with the nitrocellulose, 
the carbon black pigment, the dibutyl 



phthalate plasticizer, and, if desired, a small 50 
portion of the solvent; a solution of the poly- 
mer of methyl methacrylate is mixed with 
the mill base; .then the resulting composi- 
tion is mixed with a microsol of the naicro- 
gel and solvent 55 

Each of the coating compositions des- 
cribed above can be sprayed or brushed on- 
to substrates and dried to yield smooth, uni- 
form coatings which are free from blisters 
or "pop" marks. Also, instead of the micro- 60 
gel of Example 1 used above, any of the 
other microgels described in the other pre- 
ceding examples can be used in similar 
coating compositions with similar results, 

WHAT WE CLAIM IS:— 65 

1. A microgel which comprises a cross- 
hnked copolymer of from 95.0 to 99.9 mole 
per cent of mono-ethylenically unsaturated 
monomer, at least 50% of which is a lower 
alkyl ester of methacryhc acid, and from 5 70 
to 0.1 mole per cent of a crosslinking agent 
containing at least two ethylenic double 
bonds, the microgel having a swelling ratio 

in toluene of from 2 to 6 and being essen- 
tially free of substantially uncrosslinked 75 
pol3mier having a viscosity average mole- 
cular weight of greater than 200.000. 

2. A microgel according to Claim 1, in 
which the copolymer is formed from 99.5 to 
99.9 mole per cent of the mono-ethylenic- 80 
ally unsaturated monomer and 0.5 to 0.1 
mole per cent of the crosslinking agent, 

3. A microgel according to Claim 1 or 
2. in which at least 50% of the mono- 
ethylem'cally unsaturated monomer is methyl 85 
methacrylate. 

4. A microgel according to any of Claims 
1 to 3, having a swelling ratio of from 3 
to 4. 

5. A microgel according to any of Claims 90 
1 to 4, in which .the crosslinldng agent is 
ethylene glycol dimethacrylate or methylene 
bismethacrylamide. 

6. A coating composition which com- 
prises a lyophilic dispersion in liquid or- 95 
ganic vehicle of at least one microgel ac- 
cordmg to any of Claims 1 to 5, 

7. A coating composition which com- 
prises a lyophihc dispersion in a polymeric 
solution of at least one microgel according 100 
to any of Qaims 1 to 5. 

8. A coating composition according to 
Claim 7, in which the polymeric solution 
contains from 25 to 50 parts by weight of 

a linear polymer of methyl methacrylate and 105 
50 to 75 parts by weight of microgel, the 
monoethylenically imsaturated monomer 
from which the microgel was formed being 
methyl methacrylate. 

9. A process for the production of a 110 
microgel which comprises forming an aque- 
ous dispersion of from 95 to 99.9 molar 
proportions of mono-ethylenically unsatur- 



10 
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ated monomer, at least 50% of which is a 
lower alkyl ester of methacrylic acid, and 
from 5 to 0.1 molar proportions of a cross- 
linking agent containing at least two etfayl- 
5 enic double bonds, heating the resulting dis- 
persion at a temperature of from 40 to lOO'' 
C. until the swelling ratio in toluene of the 
resulting microgel is from 2 to 6 and, during 
the reaction, adding to the dispersion a water 

10 immiscible solvent or a chain-transfer agent 
in order to inhibit the formation of substan- 
tially uncrosslinked polymer having a vis- 
cosity average molecular v/eight of greater 
than 200,000. 

15 10. A process according to Claim 9, in 
which from 25 to 100%, based on the weight 
• of the monomers, of a water immiscible sol- 
vent for the monomers is added to the dis- 
persion when the reaction is from 80 to 95% 

20 complete and the reaction is continued until 
the swelling ratio in toluene of the resulting 
microgel is from 2 to 6. 

11. A process according to Claim 9, in 
which from 0.05 to 1% of chain-transfer 

26 agent based on the weight of the monomers 
is added to the dispersion when the reac- 
tion is from 80 to 95% complete and the 
reaction is continued until the sv/elling ratio 
in toluene of the resulting microgel is from 

30 2 to 6. 

12. A process for the production of a 
microgel which comprises forming an aque- 
ous dispersion of from 95 to 99.9 molar pro- 
portions of ethylenically unsaturated mono- 

35 mer. at least 50% of which is a lov/er alkyl 
ester of methacrylic add, from 5 to 0.1 molar 
proportions of a crosslinking agent contain- 
ing at least two ethylenic double bonds, and 
from 25 to 100% by weight based on the 

40 weight of the monomers of a water immis- 
cible solvent therefor and heating the re- 
sulting reaction mixture mitil the swelling 
ratio in tolu^e of the resulting microgel is 
from 2 to 6. 



13. A process for the production of a 45 
microgel which comprises adding to v/ater 

at a temperature of from 40 to 100^ C. with 
agitation, a small proportion of the mono- 
ethylenically unsaturated monomer, at least 
50% of which is a lower allcyl ester of meth- 50 
aciylic acid, from 5 to 0.1 molar propor- 
tions of a crosslinking agent containing at 
least tv/o ethylenic double bonds, and from 
0.25 to 1 mole of chain-transfer agent per 
mole of cross-linldng agent, and then adding 55 
the remaimng mono-ethylenically unsatur- 
ated monomer (the total amount of the lat- 
ter being from 95 to 99.9 molar proportions) 
at a rate substantially equal to that at which 
tihe monomer is polymerised and continu- 60 
ing the reaction until the swelling ratio in 
toluene of the resulting microgel is from 2 
to 6. 

14. A process according to any of Claims 
9, 1 1 or 13. in wliich the chain-transfer agent 65 
is thiophenol, 4-methylphenyl m^captan, an 
alkyl mercaptan containing from 2 to 6 car- 
bon atoms, carbon tetrabromide» ethyl ben- 
zene, pentaphenyl ethane or ethyl thic^ycol- 
ate. 70 

15. A microgel according to Claim 1 sub- 
stantially as herein described in any of 
Examples 1 to 9. 

16. A process for the production of a 
microgel according to any of Claims 9 to 75 
14 substantially as herein desMibed in any 
of Examples 1 to 9. 

17. A coating composition according to 
Claim 6 substantially as herein described in 
any of Examples 1—3. 8 or 10. 80 

A. A. THORNTON & CO., 
Chartered Patent Agents, 
Northumberland House, 
303-306 High Holbom, 
London, W.C.1, 
For the Applicants. 
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